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(57) ABSTRACT

A system for arranging wind turbine blades includes first and
second root cradles and a first tip cradle proximate to the
second root cradle, wherein the first tip cradle 1s angled
approximately 30 to 60 degrees with respect to a horizontal
line. The system also includes a second tip cradle proximate
to the first root cradle, wherein the second tip cradle 1s angled
approximately 30 to 60 degrees with respect to the horizontal
line. A method for arranging wind turbine blades 1ncludes
transierring a first wind turbine blade to a first root cradle and
transierring a second wind turbine blade to a second root
cradle. The method further includes rotating at least a portion
of the first wind turbine blade about at least a portion of the
second wind turbine blade.

17 Claims, 12 Drawing Sheets
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SYSTEM AND METHOD FOR ARRANGING
WIND TURBINE BLADES

FIELD OF THE INVENTION

The present mvention generally involves wind turbine
blades. In particular, the present invention discloses and
enables systems and methods for arranging at least two wind
turbine blades for storage and/or transport.

BACKGROUND OF THE INVENTION

Wind turbines are well known in the art for converting
kinetic energy from the wind to mechanical or electrical
energy, and wind turbine blades exist 1n various shapes and
s1zes. For example, some blades include a root at one end and
a tip at the opposite end. The blade root attaches to a rotor, and
the blade extends radially outward from the blade root to the
blade tip. The blade may have a rounded or curved leading
edge (1.e., the edge facing the direction of rotation) and a
tapered or pointed trailing edge (i.e., the edge facing away
from the direction of rotation), producing a blade with an
aecrodynamic or airfoil shape. In addition, the blade may be
curved from the blade root to the blade tip, creating a convex
surface on the top of the blade (i.e., the surface of the blade
facing toward the oncoming wind) and a concave surface on
the back of the blade (1.e., the surface of the blade facing away
from the oncoming wind).

The length, width, curvature, and weight of wind turbine
blades varies, depending on the size of the wind turbine,
anticipated wind speeds, and other design considerations. For
example, wind turbine blades may extend greater than 100
teet, have an eflective width of 9 feet or greater, curve more
than 6 feet from blade root to blade tip, and weigh more than
13,000 pounds.

State and local transportation regulations include limaits
regarding the maximum allowed width and height of items
transported on public roads. For example, in the U.S., the
maximum allowable width 1s typically 814 feet, and the maxi-
mum allowable height ranges between 13% and 14 {feet,
depending on the location. In Europe, the maximum allow-
able width 1s typically 11 feet 534 inches, and the maximum
allowable height 1s 14 feet 7 inches. As a result, the size,
shape, and weight of wind turbine blades generally requires
that wind turbine blades be transported 1individually so as to
not exceed the allowable size limits, increasing the cost of
transporting wind turbine blades.

Therefore, the need exists for an 1mproved system and
method for arranging wind turbine blades for transport and/or
storage so that more than one wind turbine blade can be
transported at the same time on public roads.

BRIEF DESCRIPTION OF THE INVENTION

Aspects and advantages of the invention are set forth below
in the following description, or may be obvious from the
description, or may be learned through practice of the mven-
tion.

In one embodiment of the present invention, a system for
arranging {irst and second wind turbine blades includes a first
root cradle and a second root cradle opposed to the first root
cradle and separated from the first root cradle. The system
turther includes a first tip cradle proximate to the second root
cradle, wherein the first tip cradle defines a first support plane
angled approximately 30 to 60 degrees with respect to a
horizontal line. The system also includes a second tip cradle
proximate to the first root cradle, wherein the second tip
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2

cradle defines a second support plane angled approximately
30 to 60 degrees with respect to the horizontal line.

Another embodiment of the present invention 1s a method
for arranging at least two wind turbine blades. The method
includes transferring a first wind turbine blade to a first root
cradle and rotating the first wind turbine blade so that the first
wind turbine blade 1s angled approximately 30 to 60 degrees
with respect to a horizontal line. The method further includes
transferring a second wind turbine blade to a second root
cradle and rotating the second wind turbine blade so that the
second wind turbine blade 1s angled approximately 30 to 60
degrees with respect to the horizontal line.

Another method for arranging at least two wind turbine
blades within the scope of the present invention includes
transferring a first wind turbine blade to a first root cradle and
transferring a second wind turbine blade to a second root
cradle. The method further includes rotating at least a portion
of the first wind turbine blade about at least a portion of the
second wind turbine blade.

Those of ordimary skill in the art will better appreciate the
features and aspects of such embodiments, and others, upon
review of the specification.

BRIEF DESCRIPTION OF THE DRAWINGS

A full and enabling disclosure of the present invention,
including the best mode thereof, 1s set forth more particularly
in the remainder of the specification, including reference to
the accompanying figures, 1n which:

FIG. 1 1s aperspective view of a system for arranging wind
turbine blades according to one embodiment of the present
invention;

FIG. 2 1s a perspective view of the system and wind turbine
blades shown 1n FIG. 1 with the middle of the wind turbine
blades drawn closer together;

FIG. 3 1s a perspective view of the system and wind turbine
blades shown 1n FIG. 2 loaded on a commercial carrier;

FIG. 4 1s an end view of the system and wind turbine blades
shown 1n FIG. 2;

FIG. 5 15 a perspective view of a system for arranging wind
turbine blades according to a second embodiment of the
present invention;

FIG. 6 15 a perspective view of a system for arranging wind
turbine blades according to a third embodiment of the present
invention;

FIG. 7 1s a perspective view of the system shown 1n FIG. 6
with the ends of the wind turbine blades drawn closer
together:;

FIG. 8 1s an end view of a pivotal connection according to
one embodiment of the present invention;

FIG. 91s an end view of the system shown 1n FIG. 7 with the
wind turbine blades oriented 1n a substantially vertical posi-
tion;

FIG. 10 1s an end view of the system shown 1n FIG. 7 with
the wind turbine blades rotated approximately 30 to 60
degrees with respect to the horizon;

FIG. 11 1s a perspective view of the system shown 1n FIG.
10 loaded on a commercial carrier; and,

FIG. 12 1s an end view of the system shown 1n FIG. 10.

DETAILED DESCRIPTION OF THE INVENTION

Retference will now be made in detail to present embodi-
ments of the ivention, one or more examples of which are
illustrated 1n the accompanying drawings. The detailed
description uses numerical and letter designations to refer to
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features 1n the drawings. Like or similar designations in the
drawings and description have been used to refer to like or
similar parts of the invention.

Each example 1s provided by way of explanation of the
invention, not as a limitation of the invention. In fact, 1t will be
apparent to those skilled in the art that modifications and
variations can be made 1n the present invention without
departing from the scope or spirit thereof. For instance, fea-
tures 1llustrated or described as part of one embodiment may
be used on another embodiment to yield a still further
embodiment. Thus, 1t 1s mntended that the present invention
covers such modifications and variations as come within the
scope of the appended claims and their equivalents.

FIGS. 1, 2, and 3 provide perspective views of a system 10
for arranging first and second wind turbine blades 12, 14 for
transport and/or storage according to one embodiment of the
present invention. Fach wind turbine blade 12, 14 generally
includes a blade root 16, 18 at one end and a blade tip 20, 22
at the opposite end. Each blade root 16, 18 1s generally round
1n cross-section and includes bolts, screws, studs 24, or other
structure known 1n the art for attaching a wind turbine blade
to a rotor of a wind turbine. The wind turbine blades 12, 14
typically extend up to 80-120 feet, or more, and gradually
curve from the blade root to the blade tip, creating a convex
surface 26 on one side and a concave surface 28 on the
opposite side. In addition, the wind turbine blades 12, 14 may
have a rounded leading edge 30 (i.e., the edge facing the
direction of rotation) and a tapered trailing edge 32 (1.e., the
edge facing away from the direction of rotation) that combine
to give the wind turbine blades 12, 14 an aerodynamic or
airfo1l shape.

The wind turbine blades 12, 14 shown in FIGS. 1, 2, and 3
are arranged in an 1verted position to one another with the
concave surfaces 28 facing one another and the leading edges
30 down. As a result, each blade root 16, 18 1s near or proxi-
mate to the blade tip 20, 22 of the opposite wind turbine blade,
and the opposing concave surfaces 28 create a space 33
between the first and second wind turbine blades 12, 14 near
the middle of the wind turbine blades.

The system 10 generally includes first and second root
cradles 34, 36 and first and second tip cradles 38, 40. The root
and tip cradles provide support and cushioning for the blade
roots and blade tips, respectively. For convention throughout
this description, the first root cradle 34 and the first tip cradle
38 refer to the structures that support the first wind turbine
blade 12, and the second root cradle 36 and the second tip
cradle 40 refer to the structures that support the second wind
turbine blade 14. As shown 1n FIGS. 1, 2, and 3, the first and
second root cradles 34, 36 are opposed to each other and are
separated by a distance that 1s approximately equal to the
length of the wind turbine blades. The first tip cradle 38 is
located closer to or proximate to the second root cradle 36 to
support and cushion the blade tip 20 of the first wind turbine
blade 12, and the second tip cradle 40 1s located closer to or
proximate to the first root cradle 34 to support and cushion the
blade tip 22 of the second wind turbine blade 14. In particular
embodiments, a frame 42 around the first and second root
cradles 34, 36 may connect to and support the second and first
tip cradles 40, 38, respectively, as shown 1n FIGS. 1 and 2. In
other particular embodiments, the tip cradles may be struc-
turally separate from the proximate root cradles.

The root cradles 34, 36 and tip cradles 38, 40 generally
include cushions 44 or pads that form a seating surface which
conforms to the exterior surface of the blade root or blade tip.
The weight of the wind turbine blades 12, 14 against the
cushions 44 holds the wind turbine blades 12, 14 in place. The
cushions 44 or pads may be configured to completely or
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4

partially surround the blade roots 16, 18 and/or blade tips 20,
22. Alternatively, a strap 46, banding, or other suitable device
may be used to hold the wind turbine blades 12, 14 1n place.

As 1llustrated i FI1G. 2, the first and second tip cradles 38,
40 define first and second support planes 48, 50, respectively,
that are angled approximately 30 to 60 degrees with respect to
a horizontal line 49. In particular embodiments, the first and
second support planes 48, 50 may be angled approximately
35 to 55 degrees, 40 to 50 degrees, or 45 degrees with respect
to the horizontal line 49. The first and second tip cradles 38,
40 and associated first and second support planes 48, 50 thus
position the first and second blade tips 20, 22 diagonally with
respect to the second and first root cradles 18, 16, respec-
tively. The first and second support planes 48, 50 may include
a first surface formed from the cushions 44 or pads in the
respective tip cradle, with or without a second surface
opposed to the first surface. The second surface, 1f present,
may include additional cushions 44 or pads, or the second
surface may simply be a strap 46, banding, or other suitable
devices to secure the blade tips 20, 22 in the tip cradles 38, 40.

As shown i FIGS. 1, 2, and 3, the system 10 further
includes a clamp 56 between the first and second root cradles
34, 36 and near or proximate to the middle of the first and
second wind turbine blades 12, 14. Padded frames 58 may
surround the first and second wind turbine blades 12, 14 and
connect the clamp 56 to the first and second wind turbine
blades 12, 14. The clamp 56 may include a turnbuckle 60,
winch, pulley, ram, or other equivalent device known to one
of ordinary skill 1n the art to provide a mechanical advantage
for moving at least a portion of the first and second wind
turbine blades 12, 14 together. For example, rotation of the
turnbuckle 60 may cause the clamp 56 to retract and move at
least a portion of the first and second wind turbine blades 12,
14 together. The retracted clamp 56 thus at least partially
straightens one or both of the wind turbine blades 12, 14 to
reduce the space 33 between the wind turbine blades 12, 14.
Other suitable and equivalent means for straightening at least
one of the wind turbine blades 12, 14 may include counter-
weilghts and/or hydraulic, pneumatic, or electromechanical
presses.

FIG. 2 shows the embodiment of the system 10 and wind
turbine blades 12, 14 shown in FIG. 1 with the clamp 56 1n a
retracted position. As a result, the middle of the first and
second wind turbine blades 12, 14 are drawn closer together,
thereby reducing the space 33 between the wind turbine
blades 12, 14.

FIG. 3 shows the embodiment of the system 10 and wind
turbine blades 12, 14 shown in FIGS. 1 and 2 loaded on a
commercial carrier 62 for transport and/or storage. The ori-
entation of the system 10 and wind turbine blades 12, 14 1n
FIG. 3 has been reversed from that shown 1n FIGS. 1 and 2 to
show the opposite side of the system 10 not visible in FIGS.
1 and 2. As shown 1n FI1G. 3, the first and second tip cradles 38,
40 and the first and second root cradles 34, 36 support the first
and second wind turbine blades 12, 14 at an angle approxi-
mately 30 to 60 degrees with respect to the horizontal line 49.
In particular embodiments, the first and second wind turbine
blades 12, 14 may be angled approximately 35 to 55 degrees,
40 to 50 degrees, or 45 degrees with respect to the horizontal
line 49. As a result, the system 10 arranges the wind turbine
blades 12, 14 approximately diagonally with respect to the
horizontal line 49 to reduce the width and height of the system
10 and wind turbine blades 12, 14 during transportation and/
or storage.

FIG. 4 shows an end view of the system 10 (in phantom)
and wind turbine blades shown in FIG. 2. A shipping area 64
tor the system 10 and the wind turbine blades 12, 14 1s defined
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as the maximum width and height of the outer perimeter of the
system 10 and wind turbine blades 12, 14. The shipping area
64 1s shown 1n FIG. 4 as a dashed box circumscribing the

outer perimeter of the system 10 and wind turbine blades 12,
14. With the wind turbine blades 12, 14 arranged within the

system 10, the shipping area has a maximum width of 814 feet
and a maximum height of 13% feet. It will be appreciated that
the shipping area 64 defined by the system 10 and wind
turbine blades 12, 14 may fit within or extend beyond the
width and height of the commercial carrier 62. As aresult, the
system 10 arranges the wind turbine blades 12, 14 for trans-
portation and/or storage without exceeding state and local
transportation regulations regarding the maximum width and
height of 1tems transported on public roads.

FIG. 5 provides a perspective view of a system 66 for
arranging the first and second wind turbine blades 12, 14 on
the commercial carrier 62 according to a second embodiment
of the present invention. In this i1llustration, the wind turbine
blades 12, 14 again generally include blade roots 16, 18, blade
tips 20, 22, convex 26 and concave 28 surfaces, and leading 30
and trailing 32 edges as previously described and 1llustrated
with respect to the wind turbine blades 12, 14 shown 1n FIGS.
1. 2, and 3.

The wind turbine blades 12, 14 shown 1n FIG. 5§ are
arranged 1n an 1inverted position to one another with the lead-
ing edges 30 down, similar to the orientation of the wind
turbine blades 12, 14 shown 1n FIGS. 1, 2, and 3. However, 1n
FI1G. 5, the wind turbine blades 12, 14 are oriented so that the
convex surfaces 26 face one another. As a result, the opposing
convex surfaces 26 are near or proximate to one another, and
the curvature of the wind turbine blades 12, 14 mitially cre-
ates a space between each blade root 16, 18 and the blade tip
22, 20 of the opposite wind turbine blade.

The system 66 shown 1n FIG. 5 again includes first and
second root cradles 34, 36 and first and second tip cradles 38,
40 which define first and second support planes as previously
described and 1llustrated with respect to the system 10 shown
in FIGS. 1, 2, and 3. In addition, the system 66 further
includes one or more clamps 68 near or proximate to the end
of the wind turbine blades 12, 14. Each clamp 68 provides a
means for straightening a wind turbine blade by moving a tip
cradle and blade tip toward the proximate root cradle and
blade root. For example, as shown in FIG. 5, the clamp 68
may be near or proximate to the first blade root 16, first root
cradle 34, second blade tip 22, and second blade cradle 40.
The clamp 68 may connect to the first and second wind
turbine blades 12, 14, either directly or indirectly. For
example, padded frames surrounding the first blade root 16
and/or second blade tip 22 may be used to connect the clamp
68 directly to the first and second wind turbine blades 12, 14.
Alternatively, the clamp 68 may connect indirectly to the first
and second wind turbine blades 12, 14 through connections to
the first root cradle 34 and the second tip cradle 40. The clamp
68 may include a turnbuckle, winch, pulley, ram, or other
equivalent device known to one of ordinary skill 1n the art to
provide a mechanical advantage for moving the second tip
cradle 40 (and second blade tip 22) toward the first root cradle
34 (and first blade root 16). For example, rotation of the
turnbuckle may cause the clamp 68 to retract and move the
second tip cradle 40 (and second blade tip 22) toward the first
root cradle 34 (and first blade root 16). The retracted clamp 68
thus straightens the second 12 wind turbine blade to reduce
the space between the second tip cradle 40 (and second blade
tip 22) and the first root cradle 34 (and first blade root 16).
Other suitable and equivalent means for straightening the
wind turbine blades or moving at least a portion of one wind
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6

turbine blade toward the other wind turbine blade include
counter-weights and/or hydraulic, pneumatic, or electrome-
chanical presses.

The system 66 shown 1n FIG. 35 1s appropriately used when
the wind turbine blades 12, 14 are arranged with the convex
surfaces 26 facing one another, and 1t provides the same
beneficial reduced shipping area 64 as previously discussed
with respect to the system 10 described and illustrated in
FIGS. 1,2, and 3. Specifically, with the first and second wind
turbine blades 12, 14 arranged within the system 66, the
shipping area 64 has a maximum width of 8% feet and a
maximum height of 13% feet. As a result, the system 66
arranges the wind turbine blades 12, 14 for transportation
and/or storage without exceeding state and local transporta-
tion regulations regarding the maximum width and height of
items transported on public roads.

The two embodiments shown 1 FIGS. 1-5 provide a
method for arranging at least two wind turbine blades 12, 14
for transport and/or storage. The first wind turbine blade 12
may be transferred proximate to the first root cradle 34. The
first wind turbine blade 12 may be rotated, as necessary, so
that the first wind turbine blade 12 rests 1n the first root cradle
34 and the first tip cradle 38 at an angle approximately 30 to
60 degrees with respect to the horizontal line 49. The second
wind turbine blade 14 may be transferred proximate to the
second root cradle 36. The second wind turbine blade 14 may
be rotated, as necessary, so that the second wind turbine blade
14 rests 1n the second root cradle 36 and the second tip cradle
40 at an angle of approximately 30 to 60 degrees with respect
to the horizontal line 49. In particular embodiments, the first
and second wind turbine blades 12, 14 may be angled
approximately 35 to 55 degrees, 40 to 50 degrees, or 45
degrees with respect to the horizontal line 49.

If the first and second wind turbine blades 12, 14 are
oriented so that the concave surfaces 28 face one another, the
clamp 56 or other suitable means for straightening at least one
of the first or second wind turbine blades 12, 14, as shown 1n
FIGS. 1, 2, and 3, may be used to straighten at least one of the
wind turbine blades and move at least a portion of the first
wind turbine blade 12 toward at least a portion of the second
wind turbine blade 14. Alternatively, 11 the first and second
wind turbine blades 12, 14 are oriented so that the convex
surfaces 26 face one another, as shown in FIG. 5, one or more
clamps 68 or other suitable means may be used to straighten
at least one of the wind turbine blades and move at least a
portion of the first wind turbine blade 12 toward at least a
portion of the second wind turbine blade 14.

FIGS. 6 and 7 provide perspective views of a system 70 for
arranging the first and second wind turbine blades 12, 14 for
transport and/or storage according to a third embodiment of
the present invention. In these 1llustrations, the wind turbine
blades 12, 14 again generally include blade roots 16, 18, blade
tips 20, 22, convex 26 and concave 28 surfaces, and leading 30
and trailing 32 edges as previously described and illustrated
with respect to the wind turbine blades 12, 14 shown 1n FIGS.
1,2, and 3.

The wind turbine blades 12, 14 shown 1n FIGS. 6 and 7 are
arranged 1n an inverted position to one another with the con-
vex surfaces 26 facing one another and the leading edges 30
down. As aresult, the opposing convex surfaces 26 are near or
proximate to one another, and the curvature of the wind
turbine blades 1mitially creates a space between each blade
root 16, 18 and the blade tip 22, 20 of the opposite wind
turbine blade. However, in contrast to the previously
described embodiments, the wind turbine blades 12, 14 are
initially oriented substantially vertically with respect to a
horizontal line 71.
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The system 70 shown 1n FIGS. 6 and 7 again includes first
and second root cradles 34, 36 and first and second tip cradles
38, 40 which define first and second support planes as previ-
ously described and 1llustrated with respect to the system 10
shown 1n FIGS. 1, 2, and 3. However, because the wind
turbine blades 12, 14 are imitially oriented substantially ver-
tically with respect to the horizontal line 71, the first and
second tip cradles 38, 40 and associated first and second
support planes are also initially substantially vertical with
respect to the horizontal line 71.

The system 70 shown in FIGS. 6 and 7 additionally
includes one or more clamps 68 near or proximate to the end
of the wind turbine blades 12, 14 as previously described and
illustrated with respect to the system 66 shown in FIG. 5.
Retraction of the clamps 68, as shown by the arrows in FIG.
7, straightens the first and second wind turbine blades 12, 14
to reduce the space between the first/second tip cradles 38, 40
(first/second blade tips 20, 22) and the proximate second/first
root cradles 36, 34 (second/first blade roots 18, 16).

The system 70 shown in FIGS. 6 and 7 further includes a
pivotal connection 72 attached to the blade root 16, 18 of each
wind turbine blade 12, 14. FIG. 8 provides an end view of one
embodiment of the pivotal connection 72 shown 1 FIGS. 6
and 7. As shown 1n FIG. 8, the pivotal connection 72 may
include a bracket 74, a hinge pin 76, and a shaft 78. The
bracket 74 and hinge pin 76 support the shait 78 and allow the
shaft 78 to freely rotate. The shait 78 connects to the blade
root 16, 18 of each wind turbine blade 12, 14 to enable the first
and second wind turbine blades 12, 14 to be rotated at least
partially about each other, either before or after retraction of
the clamps 68.

FIG. 9 shows an end view of the system 70 shown 1n FIG.
7. As shown, the pivotal connection 72 supports the vertically
oriented wind turbine blades 12, 14 slightly above the root
cradles 34, 36. This allows the pivotal connection 72 to rotate
the first and second wind turbine blades 12, 14 with respect to
cach other until each wind turbine blade 1s angled approxi-
mately 30 to 60 degrees with respect to the horizontal line 71,
as shown in FIG. 10. In particular embodiments, the first and
second wind turbine blades 12, 14 may be angled approxi-
mately 35 to 55 degrees, 40 to 50 degrees, or 45 degrees with
respect to the horizontal line 71. When the wind turbine
blades 12, 14 have been adequately rotated about one another,
the hinge pin 76 may be removed, and the shaft 78 lowered to
allow the first and second wind turbine blades 12, 14 to rest in
the first and second root cradles 34, 36, respectively.

FIG. 11 15 a perspective view of the system 70 shown in
FIG. 10 loaded on the commercial carrier 62 for transport
and/or storage. The first and second tip cradles 38, 40 and the
first and second root cradles 34, 36 support the first and
second wind turbine blades 12, 14 at an angle approximately
30 to 60 degrees with respect to the horizontal line 71. As a
result, the system 70 arranges the first and second wind tur-
bine blades 12, 14 approximately diagonally with respect to
the horizontal line 71 to reduce width and height of the system
70 and wind turbine blades 12, 14 during transportation and/
or storage.

FIG. 12 shows an end view of the system 70 (in phantom)
and wind turbine blades 12, 14 shown 1n FIG. 10. The ship-
ping area 64 1s shown in FIG. 12 as a dashed box circumscrib-
ing the outer perimeter of the system 70 and the wind turbine
blades 12, 14. With the first and second wind turbine blades
12, 14 arranged approximately diagonally by the system 70,
the shipping area 64 has a maximum width of 82 feet and a
maximum height of 134 feet. It will be appreciated that the
shipping area 64 defined by the system 70 and wind turbine
blades 12, 14 may {it within or extend beyond the width and
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height of the commercial carrier 62. As a result, the system 70
arranges the wind turbine blades 12, 14 for transportation
and/or storage without exceeding state and local transporta-
tion regulations regarding the maximum width and height of
items transported on public roads.

The system 70 described and shown in FIGS. 6-11 provides
a method for arranging at least two wind turbine blades 12, 14
for transport and/or storage. The first wind turbine blade 12
may be transferred proximate to the first root cradle 34, and
the second wind turbine blade 14 may be transierred proxi-
mate to the second root cradle 36. If the first and second wind
turbine blades 12, 14 are oriented so that the concave surfaces
28 face one another, the clamp 56 or other suitable means for
straightening at least one of the first or second wind turbine
blades 12, 14, as shown 1n FIGS. 1, 2, and 3, may be used to
straighten at least one of the wind turbine blades and move at
least a portion of the first wind turbine blade 12 toward at least
a portion of the second wind turbine blade 14. Alternatively,
if the first and second wind turbine blades 12, 14 are oriented
so that the convex surfaces 26 face one another, as shown 1n
FIG. 6, one or more clamps 68 or other suitable means may be
used to straighten at least one of the wind turbine blades and
move at least a portion of the first wind turbine blade 12
toward at least a portion of the second wind turbine blade 14.
At least a portion of the first and second wind turbine blades
12, 14 may be rotated about one another, as necessary, so that
the first and second wind turbine blades rest 12, 14 1n the
respective root 34, 36 and tip 38, 40 cradles at an angle
approximately 30 to 60 degrees with respect to the horizontal
line 71. In particular embodiments, the first and second wind
turbine blades 12, 14 may be angled approximately 35 to 55
degrees, 40 to 50 degrees, or 45 degrees with respect to the
horizontal line 71.

This written description uses examples to disclose the
invention, mcluding the best mode, and also to enable any
person skilled in the art to practice the mvention, including
making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention
1s defined by the claims, and may include other examples that
occur to those skilled i the art. Such other examples are
intended to be within the scope of the claims 1f they include
structural elements that do not differ from the literal language
of the claims, or if they include equivalent structural elements
with 1nsubstantial differences from the literal languages of
the claims.

What 1s claimed 1s:

1. A system for arranging first and second wind turbine

blades, comprising:

a. a first root cradle adapted to support a root of the first
wind turbine blade:

b. a second root cradle adapted to support a root of the
second wind turbine blade, opposed to said first root
cradle, and separated from said first root cradle by a
distance approximately equal to a length of the first and
second wind turbine blades;

c. a first tip cradle proximate to said second root cradle,
wherein said first tip cradle defines a first support plane
angled approximately 30 to 60 degrees with respect to a
horizontal line; and,

d. a second tip cradle proximate to said first root cradle,
wherein said second tip cradle defines a second support
plane angled approximately 30 to 60 degrees with
respect to the horizontal line.

2. The system of claim 1, further including means for

straightening at least one of the first or second wind turbine

blades.
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3. The system of claim 1, further including a clamp
between said first and second root cradles and connected to
the first and second wind turbine blades.

4. The system of claim 1, further including means for
moving said second tip cradle toward said first root cradle.

5. The system of claim 1, further including a first clamp
connected to said first root cradle and said second tip cradle.

6. The system of claim 5, further including a second clamp
connected to said second root cradle and said first tip cradle.

7. The system of claim 1, further including a pivotal con-
nection attached to the first and second wind turbine blades.

8. The system of claim 1, wherein at least one of said first
support plane or said second support plane comprises a first
surface and a second surface opposed to said first surface.

9. The system of claim 1, wherein said first and second root
cradles and the first and second wind turbine blades define a
shipping area having a width less than or equal to 8.5 feet.

10. The system of claim 1, wherein said first and second
root cradles and the first and second wind turbine blades
define a shipping area having a height less than or equal to
13.5 feet.

11. A system for arranging first and second wind turbine
blades, comprising:

a. a first root cradle adapted to support a root of the first

wind turbine blade:

b. a second root cradle adapted to support a root of the

second wind turbine blade, opposed to said first root
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cradle, and separated from said first root cradle by a
distance approximately equal to a length of the first and
second wind turbine blades;

c. afirst tip cradle proximate to said second root cradle; and

d. a second tip cradle proximate to said first root cradle,

wherein at least one of said first tip cradle or said second tip

cradle defines a support plane angled approximately 30
to 60 degrees with respect to a horizontal line.

12. The system of claim 11, further including means for
straightening at least one of the first or second wind turbine
blades.

13. The system of claim 11, further including a clamp
between said first and second root cradles and connected to
the first and second wind turbine blades.

14. The system of claim 11, further including means for
moving said second tip cradle toward said first root cradle.

15. The system of claim 11, further including a first clamp
connected to said first root cradle and said second tip cradle.

16. The system of claim 15, further including a second
clamp connected to said second root cradle and said first tip

cradle.

17. The system of claim 11, wherein said support plane
comprises a first surface and a second surface opposed to said
first surface.
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